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Experimental Procedures
Animals
All animals were maintained at animal facilities at North Carolina State University and Sanford Research according to guidelines from Institutional Animal Care and Use Committees. The following mouse strains were used for visualizing ECs in vivo: FOXJ1:EGFP mice to label ependyma green (Jacquet et al., 2009b) 007908; referred to as Fc:tdTom mice throughout the manuscript (Jacquet et al., 2011) ]. Heterozygous mice with 'floxed' MARCKS allele (MARCKS F/+ ) were generated by Xenogen Biosciences (Cranbury, NJ) using standard embryonic stem cell gene targeting techniques (See below). MARCKS F/F mice were bred to Fc:tdTom mice to selectively delete MARCKS in ependyma. All animals were backcrossed onto the C57BL/6J background during expansion of each colony, and housed on 12 hour light-dark cycle with ad libitum access to food and water.
Generation of MARCKS conditional mice
A 5.7 kb NotI/SfiI 5' homologous arm, a 4.9 kb AscI/NruI 3' homologous arm, and a 2.4 kb BsiWI/SalI region (cKO) were generated from the 193C14 BAC clone using recombineering methods. The 5' homologous arm and the cKO region were subsequently subcloned into 3loxP3NwCD and the 3' homologous arm was subcloned into pcR2. 
Clca3 Lentiviral Production
Full-length mouse Clca3 tagged to Yellow Fluorescent Protein (Clca3::YFP; gift of Dr. Lars Mundhenk Freie Universitaet Berlin, Germany) was subcloned into a vector derived from the replication incompetent equine infectious anemia virus (EIAV) which is highly suitable for selective transduction in ependymal cells (Jacquet et al., 2009a) . Clca3 lentivirus was produced by triple transfection of HEK293 cells as previously described (Jacquet et al., 2009a) .
Acute-and Long-term Ependymal Cultures and Time-lapse Imaging
For acute in vivo experiments the MARCKS::YFP construct (Fang et al., 2013) was electroporated into adult brains (2 months and 2 years old Fc:tdTom mice) following procedures described before (Barnabe-Heider et al., 2008) . Briefly, 20 µg of the construct was stereotaxically injected into the lateral ventricle of anesthetized mice; 1 mm lateral and 2.5 mm deep at the Bregma using manually guided Hamilton microliter syringes. The syringe was slowly retracted after 5 minutes of injection and mice were electroporated by delivering five 50 ms pulses of 200 V at 950 ms interval to the lateral surface of the skull. Following electroporation, mice were allowed to recover for 48 hours and their brains were harvested for wholemount cultures as described before .
Wholemounts were live imaged on a glass bottom dish using an air 40x objective and an Olympus confocal microscope equipped with temperature and CO2 control.
PMA was administered to culture media at a final concentration of 200 nM and live imaging was continued.
For long term experiments the EIAV-FOXJ1:Clca3::YFP lentivirus was injected into the lateral ventricles of MARCKS-cKO and control mice at P0. Mice were sacrificed 24 hours post injection, and ECs were cultured as previously described (El Zein et al., 2009; Guirao et al., 2010) . The timing of electroporation (P0) was selected as radial glial cells in the ventricular zone begin their differentiation into ECs perinatally (Jacquet et al., 2009b) and are highly suitable for culturing at this age.
Intraventricular injections of phorbol-12 myristate-13 acetate (PMA)
PMA (4 µl, 4 µM in DMSO) or Sham (DMSO) was injected into the lateral ventricle of anesthetized mice (375 µg avertin/ gram body weight) using manually guided
Hamilton microliter syringes and standard stereotactic procedures (coordinates: 1 mm lateral and 2.5 mm deep at the Bregma). After 5 minutes, PMA injected mice were transcardially perfused with 4% paraformaldehyde (PFA) and brains were removed and post-fixed overnight in PFA at 4ºC.
Wholemount stimulation, immunoprecipitation and Western Blotting
Mice were sacrificed by avertin overdose and subependymal wholemounts were dissected and either maintained for pharmacological manipulation or fixed and stained for histology as previously described BSA for 1 hour at room temperature followed by overnight incubation with primary antibody at 4ºC, repeated washes and incubated in secondary antibody. Blots were then exposed to chemiluminescent substrate (BioRad) and imaged. Blots were stripped and reprobed with antibodies using standard procedures.
Histology
Brains harvested from mice were post-fixed overnight in 4% paraformaldehyde, embedded in 3% low melting agarose, and sectioned at 50 µm in the sagittal plane.
Sections were blocked for 1 hour at room temperature with 10% goat serum and 1% Triton X 100 in 1x PBS followed by ON incubation with primary antibodies (diluted in1% goat serum and 0.3% Triton X 100 in 1x PBS) at 4ºC. Sections were then washed 3 times (5 minutes each) at room temperature and incubated for 1 hour with fluorescent probe conjugated secondary antibodies (Alexa secondaries, Invitrogen). Sections were washed, mounted onto glass slides, and coverslipped.
Sections were then blocked and stained as described above. For all data, statistical significance relative to 2M-WT data was determined using Student's t-test.
Cell counts and fluorescence intensity quantifications
Electron microscopy
Mice 
Ependymal barrier function assay
Ependymal wholemounts were harvested from mice and mounted in 0.012 cm 2 aperture tissue cassettes, mounted in Ussing chambers (Physiologic Instruments, Inc, San Diego, CA) for measurement of epithelial permeability in terms of transepithelial electrical resistance (TER) and FITC dextran permeability as previously described (Smith et al., 2010) . While on the Ussing chambers, ependymal wholemounts were bathed in oxygenated Ringer solution and maintained at 37°C via a circulating water bath. 10 mM glucose was added to the chamber in contact with the basal (interstitial) side of the wholemount, and was osmotically balanced with 10 mM mannitol on the apical (CSF) chamber (Fig. 5A) .
After a 15 minute stabilization period, FITC-dextran (FD4; 2.2 mg/mL, 4.4 kDa;
Sigma) was added to the apical reservoir. After another 15 minutes of equilibration, 100 μL samples (in triplicates) were collected from the basal side of wholemounts at 15 minute intervals for 30 minutes and transferred into a 96 well assay plate.
The presence of FD4 was assayed by measurement of fluorescence intensity using an fMax Fluorescence Microplate Reader (Molecular Devices, Sunnyvale, CA) and concentrations were determined from standard curves generated by serial dilution of FD4. FD4 flux rates were calculated by subtracting the initial FD4 concentration from final FD4 concentration at the end of 30 minute period and presented as FD4 flux rate in mg/min.
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